The twin hook has been developed as an alternative to the conventional lag screw to be combined with a barrelled side-plate in the treatment of trochanteric hip fractures. With two oppositely directed apical hooks introduced into the subchondral bone of the femoral head, the twin hook provides different stabilising properties to the lag screw. The femoral head purchase of the twin hook and the lag screw were compared in a biomechanical study using artificial cancellous bone, and responses to axial and torsional loading was determined. A distinct yield point in load and torque was noted for the lag screw, representing failure of the laminas supporting the threads. For the twin hook, gradual increase of load and torque occurred during impaction of the bone supporting the hooks. The peak loads and torques were higher for the lag screw, but were similar for both devices after 8 mm deformation. The stiffness was higher for the lag screw, but in counter-clockwise rotation the stiffness for the lag screw was negligible. The twin hook appeared to provide fixation stability comparable to that offered by the lag screw, but with conceivable advantages in terms of a deformation response involving bone impaction and gradually increasing stability.
Introduction
Lag screw migration with penetration or cut-out in unstable intertrochanteric hip fractures remains an orthopaedic problem, despite the introduction of dynamic and dualdynamic plate fixation devices [1, 6, 9, 11] . Various methods of increasing the purchase of the device in the femoral head, and thus decreasing the failure rate of the fixation, have been attempted [5, 14] .
Hansson pins have been used for the treatment of femoral neck fractures since the early 1980s [15] . They have a single hook that is turned out from the pin once it is correctly positioned, thus holding the pin in the femoral head. Penetration of the head is extremely rare [15] .
A new nail, the twin hook, has been developed for the fixation of trochanteric fractures in combination with a conventional barrelled sideplate. In a series of 102 patients with extra-capsular hip fractures, the twin hook appeared to provide stability similar to that achieved by the lag screw [13] .
The aim of the present study was to measure resistance to migration in artificial cancellous bone when subjected to quasi-static torsional and axial forces and compare results between the twin hook and a standard lag screw.
Materials and methods
The twin hook (Swemac Orthopaedics, Linköping, Sweden) consists of a cannulated nail with two apertures on opposite sides near the tip. The shaft is oval and the body and hooks are thicker than on the Hansson pin. The nail is inserted through a reamed channel. By turning the introducer handle clockwise, the hooks are turned out through the apertures in anterior and posterior directions with their convexity facing the periphery of the femoral head. The twin hook was compared to a standard lag screw (Osteo AG, Selzack, Switzerland).
Cubes of cellular rigid polyurethane foam (Sawbones Europe AB, Malmö, Sweden) 50×50 mm with three different qualities were used to simulate "severely osteoporotic bone" (160 kg/m -3 ), "mildly osteoporotic bone" (240 kg/m -3 ), and "normal bone" (320 kg/m -3 ).
For each device, load and foam quality combination, six repeat specimens were used. A perpendicular central channel was reamed to a depth of 35 mm in the foam block and the device introduced in a standard procedure. The foam block was mounted in a vice on the table of a testing machine (Instron MTS 8511.20, Instron, High Wycombe, UK) and the free end of the device attached to the machine actuator (Fig. 1) .
The device-foam construct was subjected to perpendicular axial or torsional loading in deformation control mode. Axial loading was applied at a rate of 0.5 mm/s -1 to 10 mm compression. Torsional loading was applied at a rate of 4°s -1 , 40°clockwise rotation followed by return to the starting position and then 40°coun-ter-clockwise rotation.
From an estimate hip-joint reaction force angle of 15° [4, 8, 12] , the plate-barrel angle of 135°and the femoral shaft weightbearing axis of 10°to the longitudinal axis of the shaft, an angle of 20°between the screw axis and the hip-joint reaction force was calculated. Thus, in order to simulate the direction of the hip-joint reaction force, tests were performed also with the foam block mounted at a 70°angle to the load direction.
The following tests were performed: For qualitative comparison of the failure modes, five femoral heads were obtained from five patients undergoing total hip joint replacement. The bone samples were randomly assigned to testing with the lag screw and the twin hook in axial (one lag screw and two twin hooks) and torsional (one lag screw and one twin hook) loading, respectively. The femoral heads were scanned using a Siemens Somatom Plus4 CT scanner. Images were acquired at 120 kV, 240 mAs with 2 mm slice width. The bone mineral density was determined using the method described by Nilsson et al. [10] ; mean bone mineral density was 260 (190-360) kg/m -3 .
The foam blocks and femoral heads were radiographed in frontal and lateral views after testing. Testing was performed at the Biomechanics Laboratory, Department of Orthopaedics, Lund University Hospital, Sweden.
Analysis of data
Load-deformation graphs were drawn for all tests. Linear regression analysis was performed to determine the stiffness of the construct. The peak load during testing, as well as the mean load during deformation between 7 mm and 8 mm, was determined. Yield torque as well as peak torque was determined. In torsional loading at 70°angle, the yield torque was defined as the point of intersection of two linear regression lines fitted to two roughly linear segments of the load-deformation graphs, separated by a distinct turn point.
The Mann-Whitney U-test was used for comparison of groups. A P value of <0.05 was considered significant.
Results
Results were generally consistent and reproducible within test groups, with low standard deviations.
Testing in foam blocks

Axial loading
For the lag screw, a distinct yield point was present in the load-deformation graph, whereas for the twin hook, a gradual increase of load was noted (Fig. 2a) . Mean peak load for the lag screw was approximately twice that of the twin hook, with a nearly linear correlation to foam density. The mean load during 7-8 mm deformation was, however, similar for both devices (Fig. 3) . The lag screw demonstrated seven to eight times higher stiffness than the twin hook for all foam densities (Table 1) . Changing the load direction by 20°increased the peak and mean loads during 7-8 mm deformation by approximately 70% for the twin hook (P=0.002) and 25% for the lag screw (P=0.13). A significant decrease in stiffness was noted for the lag screw (P=0.02), while it was unaffected for the twin hook (Table 2) .
Clockwise torsional loading
As in axial loading, the yield point for the lag screw was easily defined in the torque-deformation graph, while for the twin hook, the torque gradually increased (Fig. 4a) . The peak torque, as well as the torque at yield, was significantly higher for the lag screw than for the twin hook in the 160 kg/m -3 and 240 kg/m -3 foams. With increasing foam density, the increase of torque was much higher for the twin hook (126% from the 160 kg/m -3 foam to the 320 kg/m -3 foam) than for the lag screw (37% from the 160 kg/m -3 foam to the 320 kg/m -3 foam) (P=0.002), and there was no difference in peak torque between the groups in the 320 kg/m -3 foam (Fig. 5) .
Counterclockwise torsional loading
Peak torque was slightly higher for the twin hook than for the lag screw in the 160 kg/m -3 foam and in the 240 kg/m -3 foam, but this was reversed in the 320 kg/m -3 foam (Table 3 ). The torque-deformation graph for the twin hook was similar in clockwise and counter-clockwise rotation, while for the lag screw, the torque was constant during counter-clockwise rotation (Fig. 4a) . A slight twisting of some of the wings of the twin hooks was noted in the denser foam.
Testing in femoral heads
The load-deformation graph for the twin hook, and the torque-deformation graphs for the twin hook and the lag screw, had similar shapes in bone tests compared to the foam tests (Figs. 2b and 4b ). Only the lag screw sample that was axially loaded demonstrated a slightly different response, with a less readily defined yield point compared to the foam. In axial loading, the peak load and mean load during 7-8 mm deformation for the lag screw and for the twin hook relative to bone mineral density were in good agreement with corresponding values for the three different density foam tests (Fig. 3) . In torsional loading, a similar relation was observed for the lag screw. For the twin hook, the peak torque related to bone mineral density was twice that expected relative to the foam tests. On the post testing radiographs, the hooks of the twin hook were bent in a similar manner as in the foam tests in both axial and torsional testing.
Discussion
Cancellous bone of the osteopenic femoral head does not offer a firm grip for the threaded lag screw, but the resistance to movement is rather determined by the screw size. A larger lag screw head has been shown to increase load to failure in biomechanical testing [5] , but more cancellous bone is removed, since a larger reamed channel through the neck and head is required. Clinically, no advantages have been documented to justify the increased costs and the learning curve associated with the use of -for example -the Alta hip bolt [14] . Cement augmentation also has been advocated and increased resistance to cut out of the lag screw illustrated [5] . However, the procedure is costly and has potential disadvantages, such as possible cement interference with sliding of the device and heat-induced bone necrosis. The cement may also cause problems if the device needs to be removed. The distinct yield point of the lag screw in axial loading was caused by fracture of the foam cell walls between the threads. The surface area of the screw head, including the thread's outer diameter compressing the foam below the head, produced the remaining load after this failure. For the twin hook, no similar yield point was observed, since a gradual impaction of foam took place over the convexity of the hooks and the nail head. Initial stiffness was much higher for the lag screw due to the load being shared by the shear cylinder of the screw threads. Obviously, comparison between the two devices is dependent on the bone and fracture conditions: If the bone is sufficiently good and the fracture sufficiently stable to allow the bone trabeculae between the lag screw threads to remain intact, the lag screw fixation is more stable. On the other hand, once the trabeculae fracture, the shear cylinder of the lag screw rests in a cavity, while the hooks of the twin hook are supported by gradually impacting bone. Thus, although their resistance to post-failure compression is similar, the lag screw threads are in a large failed area of bone and will have lost their rotational stability, unlike the twin hook, which will resist rotation because the hooks cut into undamaged bone. In torsional loading, the twin hook appeared to be affected more by increased foam density than was the lag screw. The yield point of the lag screw was reached within 5°of rotation, whereas the twin hook rotated approximately 25°before reaching peak torque. Again, the increased torque with deformation was caused by foam impaction, which occurs only on the surface area of the lag screw head.
In torsion, the twin hook produced the same torque and stiffness in both directions -as could be expected, since in both directions the hooks were forced into intact foam. On the contrary, the counter-clockwise unscrewing of the lag screw produced a much lower torque than clockwise screwing in of the lag screw. In counter-clockwise rotation, the lag screw was being unscrewed in the channel, and no foam impaction occurred. In vivo, this offers poor resistance to clockwise rotation of the proximal fracture fragment, which in theory produces different biomechanical responses in left and right hips.
Due to the 20°angulation of the foam block, the shaft of the lag screw and the twin hook contributed to the foam impaction during deformation, and load or torque increased during loading for both devices. The magnitude and direction of the hip joint reaction force, and the rotational moment exercised on the proximal femur, has been investigated by means of theoretical calculations [3] as well as by in vivo observations of total hip prostheses [2] . Axial forces of up to five times body weight, and torsional moments of approximately 5% body weight-metres, have been noted during walking. Approximately 75% of the load applied to a stabilised hip fracture should be taken by the bone fracture surface [7] , thus the peak loads in this study appear to be reasonable. The peak torques are only approximately 30% of those necessary, if 75% of the torque is considered to be borne by the bone. However, in torsion it is probable that the friction of the fracture surfaces would provide much greater stabilising effect -that is, less torque will be taken by the implant.
The current testing allowed only individual measurement of axial and torsional loading. In vivo, these forces act simultaneously and the effects on rotational stability of axial loading fracturing the laminas, or by impacting bone around the hooks of the twin hook, have not been studied.
The testing was also limited to static conditions. Cyclic loading in general will provide additional information concerning the construct stability and may be more clinically relevant, but is controlled by the fatigue properties of the bone or, in these model tests, the foam.
An important factor in trochanteric fracture fixation is to provide as effective load transfer as possible over the fracture area to facilitate fracture impaction and consolidation [11] . Alignment of the proximal and distal main fracture fragments with cortical bone contact, and the use of dynamic fixation devices, are crucial factors in this respect. The load actually applied to the lag screw or twin hook in vivo is dependent on the mechanical behaviour of the fracture and other components of the fixation device.
An artificial bone substitute was chosen in favour of cadaver bone in this study. With cadaver bones, a wide spread of data complicates the interpretation of results. In a previous study using cadaver bones the standard deviation was 30-100% of the mean [12] compared to 5-30% in this study. The reproducible and relatively constant data between samples within test groups allow comparisons between devices, even in relatively small test series. Four of five femoral heads tested for reference values were obtained from patients with degenerative arthritis of the hip joint. Since they had not sustained a fracture, bone quality should not be expected to be representative of that in patients operated on for hip fractures. The observed strength of this bone relative to bone mineral density and similar behaviour in subjection to axial and torsional loading in this test does, however, support the relevance of the results of tests on the artificial bone substitute. The foam appeared to model cancellous bone reasonably well, but the results from studies using artificial bone materials must still be interpreted with caution.
Potential for increased resistance to nail migration and rotation is addressed in this laboratory study. Further, the twin hook has possible advantages in intraoperative handling and may allow reduced incision and soft tissue dissection compared to the lag screw. The twin hook may also be withdrawn or removed post-operatively without removing the plate. Clinical experiences with the twin hook [13] suggest that the device is appropriate, and no disadvantages relative to the lag screw are apparent. Post-operative adjustment, not possible with the lag screw, proved simple and efficient in handling potential fixation failure in a few cases.
In conclusion, the foam provided a reasonable model of cancellous bone, failing in a similar manner, while being more repeatable and reproducible than real cancellous bone. Response to loading of the twin hook with a gradual bone impaction and increased resistance to deformation may imply advantages compared to the lag screw. Implications of these features in the clinical setting, as well as advantages in intra-and post-operative handling with the twin hook, will be the subject of further clinical studies.
